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The abjective of tkie paper ie to evaluate the utiliaation of 
remotely eeneed orbital data for foreetry inventory. The etudy area 
(apprweimately 491, 100 ha) enoonpaaeee munLcipalitiee of Ribeirdo Preto, 
Altinapolie, Cravinhoe, Serra Azul, Luie Antonio, Sdo Simiao, Santa Rita do 
Faaea Quatro and Santa Roea do Viterbo (Sdo Paulo State), Materiale wed 
were: LARDS^ data of channels S and 7, scale 1:250,000 and CCTs, Visual 
interpretation of the imagery showed that for 1977 a total of 37,766.00 ha 
and for 1979 38, 003. 75 ha were reforested with Pinus and Eucalyptus within 
the area under stiufy. The results obtained show that LARDSAT dc^ can be 
used efficiently in forestry inventory studies. 
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AESrmCT 

The Injective of this paper is to evaluate the utilizatioa of reaetely 
seoseJ orhital data for forestiy iaveatory. The stud; area (approx iaatelp 
491. IM ha) eacoopasses Che nuaicipalities of tibcirao Preto. Altiaopolis. 
Cravihhos. Serra A:ul. Luis Aatoaio. Sao Siaao. Saata Rita do Passa Quatro aad' 
Saata Rosa do Viterbo (Sao Paulo State). Materials used uere: LAMOSAT data of 
chMuels S aad' 7. scale 1:2S9.O0R aad CCTs. Visual iaterpretatioa of the iaafery 
oh eued that for 1977 a total of >$7,766.00 haaad for 1979 . 50.00S^7S ha were 
reforested with Piaus aad Eucaljrptus withia -the area uader study. The results 
ohtaiaed show that lAKOSAT data caa he used Rfficieatly ia forestry 
iaveatory studies. 


1. INTRODUCTlOh 

licforcstatioa prior to 1966 was coasidcred a aoa-profit ecoaoaiical 
activity, whea the Hraziliaa foveruaent. throufh aa appropriate lefislaCioa gave 
tax iaceativrs opportunities to iadividuals aad/or iastituCions to aake 
iavestiaeats in reforestations. Thereforo. the reforestation had a strong 
iapetus aiter 1966, the area reforested within Orasil increasing froa. SOO.000.00 ha 
up to $.800,000 j 00 ha at 1979. 

the accelerated rate of reforestation detcrained the need for wore advanced 
techn'iifues for aonitoring of the iaplanted reforested resources. The first • 
studies on reforestation areas using LANUSAT data, were perforned by Hernandez 
filho and Shiaabukuro (1978) and Hernandez Filho et alii (1978) at the 
Northeast portion of Sao Paulo State. 

The objective of this study is to show the feasibility of periodic 
aonitoring of the iaplanted reforested resources through visual and coaputer- 
-fided interpretation of LANDSAT data. 

2. STUDY AREA 

The study area is located in the Northeastern part of Sao Paulo State, 
trazil, including the nunicipalities of Ribeirao Preto, Altiaopolis, Cravinhos, 
Serra Azul, Luis Antonio, Sao Siaao. Santa Rita do Passa Quatro and Santa Rosa 
do Viterbo. Occupying an area of 4,911 ka*. this area located between 21*00'S 
to 22*20 *S and 47*00% to 40*00 'N (Figure 1). This study area was selected 
.because it represents various categ’trles of reforestation population 
density, age groups and cutting rata of Eucalyptus aad Pinus plantations. 


i 


* Presented at the Sixteenth International Syaposiua on Reaote Sensing 
of Bnvironaent, Buenos Aires, Argentina, June 2*9, 1912. 
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5.1 uuiT new cT S 

unsir CCT aW black aad iiite fkec(^rapkic iaatery- patk *5« aad xmi 75 
ftaat t?m/1977 aa4 •T/27/l«~* are asc4 ia this stair. 

3.2 TIStML ilMLTSIS 

Flar visaal Malrs's of LAXOSAT iaagerr. the chaaaels S aai 7. hlack aiii 
ahito. at the scale l:2Si.9iff ia the two acqaisitioa dates aero asad. 

Ihe basic rhetoiaterpretatioa techaitpics sach as aaltitcaperal iafdraatiea 
ia toealitf aad texture pattera tocether field iaferaatioa uere used to defiae 
the preliaiaaty reforestat ioa classes. 

The prcliaiaarr aaps of reforestatka uaities obtaiaed uere coapared 
refdrestatioa plaas froa the area, to check the aappiag of the reforestatioa. 

Sdbseqaeatlr. a fiaal aap with the discriaiaatioas of the reforestatim 
classes iat^udiag through a kgead aid aa.iacerpretatioa key. were obtaiaed. 

the aapped uaities were qdaatified with a ailiaeter grid aad the 
results were preseated ia hectares, per auaicipality, ia the study area. 

3.3 CXIffUTEK-AlDED AKALYSIS 

Coaputer*aided aaalysis usiag Iaage>10Q systea was carried out ia the 
study area. CCTs relative to the acquisition date 07/01/77 were used. The 
coeputer^aided analysis coaprehends three steps: data preparation. signature 
acquisition and study area classification. 

Initially, in the data preparation step, the study area was located on the 

CCT data. Subsequently, the part of the iuage that encoapasses the study area 
was enlarged to the scalC; 1:2S0.000. The study area was divided in four nodules. 

The signature acquisition was obtained in two training areas at the scale 
1:100,000. The choice of saaple areas was carried out based on previous 
existing reforestation nap and visual analysis of the LANDSAT inagery. 

The classification of the study area was carried out using the progran 
•’MAXVER" (Velasco et al .. 19~S), and the postprocessing "TIIEME UXlFORUIZATrOX". 
The area was quantified by the progran ''TIIENli AREAS**. 

• 4, INSULTS AND DISCUSSION 

An interpretation key and a legend based on the spectral characteristics 
of the reforested areas were defined in the visual analysis. 

a) Legend 

Mhcn the reforestation covered conpletely the soil . the variations due to 
reforestation spacing. age, species and cutting rate, didn’t influence the 
characterization of the classes. The following classes were defined: 

PA - honogeneous Pirns plantation 

PB - less honogeneous Pinus plantation 
I PC - heterogeneous Pinus plantation 
' BA - honogeneous Eucalyptus plantation 

EB > less honogeneous Eucal>'ptus plantation 

EC - heterogeneous IiKal>'ptus plantation 


Itm iBtvtffctatiMi ksf rtcscatc4 ia Takl* 1. was kasa4 aa tha taaality aa4 
ffcatagFspfcy caxtara pattaias. Ika taaality was classifiad ia tia fallawiag 
classes: CE • tevk fray; CE^ - dark gray, wick athar any taaas: CC« > li^t 
fiw. with acker gray coaas; CN - iatataadiata gny; > iataraadlata grag. 
wttk atkar gray cases aad CC - ligkc gray. 

Ike Caxcara was classified ia eke fallawiag classes: L * sa eetk Caxtara,' 
prasaatad tke saae gray teaa: N * iataraadiata caxtura. prasaatad saall 
aariatiaa kccwaea gray caaca; aad 6 > row^ caxtara. prasaatad kigk rariatiaa 
katwaaa gray toaes. 

Tka T^la II presaats tke c»aparisoa of tke results of tka 
rafOrasced areas wick Eucalyptus beewaea 1977 aad 1979. Tke iacraase of 
reforested areas wick Eucal^tus occumd oaly ia tka auaicipalitias of Saata 
Eita do Fassa'Quatro aad Lais Aatoaio wkilc tkera was a daemsa of raforastad 
area ia tke anaicipa'liciesSio Siaio. Sam Aral aad Altia^olis. 

Ike TAle III praseacs tke caoparisn of tke results of tka 
raforastad areas witk Fiaus betweea 1977 aad 1979. Tkera was aot ekaage of 
tke reforested areas ia tke auaicipalitias of Sio Siaio. Craviakos aad 
Altiaopolis aad ia tke otker auaicipalitias tkera is- no raforastatioa wiCkFiaus. 

Ia tka coapoter-aided analysis tke oaly genus Eucalyptus was classified; 
tke gcaus Finus covered too saall areas, keace baiag. iasufficint for selectin 
of training saaples. 

For acquisition of spectral signatures of the reforested classes two 
training areas were chosen: 

The Tables IV aad V present the aean of spectral responses of the class 
Eucalyptus, in the four channels and the covariance aatrices of this class, 
respectively, of the first training area. 

.In the second training area, two subclasses of Eucaliptus were defined: 
Eucalyptus 1 and Eucalyptus 2 based on the spectral response of the channels 6 
and 7 of LANDSAT. 

The Table VI presents the nean of tke spectral responses of the subclasses 
Eucalyptus 1 and Eucalyptus 2, in the four channels: and the Table VII and VIII 
present the covariance natrices of the subclasses Eucaljrptus 1 and Eucalyptus 2, 
respectively of the second training area. 

Based on the spectral paraneters obtained in the training areas a 
classification of the study area was carried out. It was found out that an area 
of 37,364.50 ha was occupied by the class Eucalyptus.' 

S. CONCLUSIONS 

S.l VISUAL ANALYSIS 

The visual analysis showed that it was possible to nap the areas of Finus 
and Eucalyptus reforestation and to nonitor these areas in each municipality. 

$.2 COMFUTEB- AIDED ANALYSIS 

The conputor-aided analysis showed that it was poasiblo to classify the 
areas of Eucalyptus reforestation. 
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Table I. laterprctatioa Key 


CLASS 

1 T0K.M.ITY 

1 TEXTURE 1 

CHANNEL S 

CHANNEL 7 

CHANNEL S 

CHANNEL 7 

PA 

CE 

CN/CE 

L 

L 

PR 

CE. 

CHi/CE, 

N 

M 

PC 

cc. 

CC/CN 

C 

G 

EA 

CE 

CC/CN 

L 

L 

E8 

CE« 

CM. 

M 

N 

EC 

CCa 

CM, 

C 

G 


Table. II. Reforested areas with Eucalyptus (period 1977 - 1979), in 

the study area. 


IMCIPALnY 

REFORESTATION 
AREA WITH 
EUCALYPTUS IN 
1977 (Ha) 

REFORESTATION AREA 
KITH EUCALYPTUS IN 
1979 (Ha) 

DIFFERENCE OF THE 
REFORESTATION OF 
EUCALYPTUS: BETWEEN 
1977 AND 1979 (Ha) 

STA. RIIADO 
PASSAOlUTRD 

8.600.00 

9.012.50 

(♦) 412,50 

SK) SII4V) 

9.092. 2S 

9.086.00 

(-) 6.25 

UnZ AVTOND 

2.937.50 

3.556.25 

(♦) 618.75 

SB«A AZUL 

3.1S0.00 

2.575.00 

(-) 575.00 

CRAVINH05 

543.75 

543.75 


ALTlNQrOLlS 

7.2S6.2S 

7.043.75 

(-) 212,50 

RIBEIMIO 

FSEID 

4,387,50 . 

4,387.50 

• 

SIA. KSAOO 
VITERBO 

1,387.50 

1.387.50 

- 

TOTAL 

37,554.75 

37.592.25 

(♦) 237,50 
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Takl* III. Reforested areas with fiaus (period 1977-1979). in 

the study area. 


MUNICIPALITY 

HB 

REFORESTATION AREA 
VITH PINUS IN 1979 
(Ha) 

DIFFERE.\'CE OF THE 
REFORESTATION NITH 
PIXUS BEThTEN 1977 
AND 1979 (Ha) 

1^213313 




SX) SDOO 

210.00 

210.00 

- 

UnZ ANIGNIO 

- 

- 

- 

SBRA AOIL 

. 

• 

- 

CRAVINHOS 

S6.2S 

56.25 

. . 

ALTL\aPGLIS 

145.00 

145.00 


RIBEIRAO 

nano 

- 

- 

- 

STA. BOSADO 
VIIERBO 

- 


- 

TOTAL 

411.25 

411.25 ■ 

- 


Table IV. Mean of the responses of the class Eucalyptus in 
the four channels of the first training area.- 



4 

5 

6 

7 

EUCALYPTUS 

11.34 

12.08 

55,23 

53.08 


Table V. Covariance natrix of the class Eucalyptus of the 
first training area. 


CHANNEL 

4 

5 

6 

7 

4 . . 

2.73 

1.52 

1.79 

2.57 

S 

1.52 

5.32 

-0.16 

-0.82 

6 

1.79 

-0.16 

34.62 

31.90 

7 

2. 57 

-0.82 

31.90 

42.85 


Table VI. Mean of the spectral responses of the subclasses Eucalyptus 1 
and Eucalyptus 2 in the, 4 channels of the second training area. 



n 

5 

n 

Bi 

EUCALIFT 1 

8.54 

9.24 

48.66 

48.97 

EUCAUFT 2 

8.83 

10.02 

34.75 

ERSil 
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Table VII. 


Covariance aatrix of the subclass Eucalyptvs 1 of the second 
traiainf area. 


7 


CHANNEL 

4 

5 

6 

7 

4 

2.51 

0.54 

-0.46 

0.15 

S 

0.54 

2.23 

0.30 

0.33 

6 

-0.46 

0.30 

21.40 

19.40 

7 . 

0.15 

-0.33 

19.40 

27.23 


Table VIII. 


Covariance natrix of the subclass Eucalyptus 2 of the second 
training area. 


aiANWEL 

4 

5 

6 
7 


4 

3.03 

1.10 

-0.30 

-0.31 


_5 

1.10 

4.22 

0.86 

0.05 


6 7 

0.30 -0.31 
0.86 0.05 


19.98 19.81 
19.81 27.36 
















t 


ORtQMALrMEtt 
OF POOR QUAUTY 




